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1ABSTRACT
It is common practice among young vehicle 
owners to modify the exhaust system of their 
vehicle to reduce exhaust backpressure with the 
perception that the output power increases. In 
the process of backpressure reduction, the output 
noise (Whakapau) of the vehicle also increases 
correspondingly. The conflict of interest that arises 
from modified vehicle exhaust systems and the 
general public is well publicised. This prototype was 
designed to meet the demands of exhaust back 
pressure reduction while at the same time mitigate 
the sound output of the vehicle. The design involves 
lining a cylindrical pipe with common glass marbles 
which is normally used for playing. The marbles are 
made of a sustainable material as it does not erode 
when exposed to exhaust gases and it is easily 
recycled. The prototype muffler is much smaller 
in size when compared to conventional mufflers. 
All tests were done in a simulated controlled 
environment and data collated using approved New 
Zealand Transport Agency testing regime. It has to 
be noted that the test focus was noise mitigation 
and not comprehensive engine performance 
testing. The results of the test prove a reduction 
of sound levels, however more testing needs to be 
undertaken with varying annulus depth, marble 
sizes and arrangements and engine loads.
INTRODUCTION
Our world is getting noisier but, when it comes to 
vehicle exhaust noise, there is public pressure in 
built-up areas to reverse that trend. This issue is 
compounded by the increasing number of vehicle 
owners’ retrofitting free flow mufflers on their 
vehicles. Hence the importance of this research is 
to analyse the efficiency of the prototype free flow 
muffler designed by the researcher. Duire (1999), 
advocates that health promotion for Maori must 
consider the nature and quality of the interaction 
between people and the surrounding environment 
where noise levels are compatible with human 
frequencies and harmonies. This is in recognition 
to the fact that human condition is intimately 
connected to the wider domains of Rangi and 
Papa. Thorne et al., (2008) researched that noise 
induced hearing loss (NIHL) is a form of hearing 
loss caused by repeated exposure to excessive 
sound and Maori have a higher prevalence of 
hearing loss as they are over-represented in many 
industries where noise exposure if high.
The theory behind free flow mufflers is in the 
process of noise reduction it does not have the 
negative effect of back pressure as to conventional 
original equipment manufacturer’s silencing 
muffler, hence the improvement in engine power 
output. Based on local news reports, legislation 
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2and customer demands environmental noise has 
become a serious problem for communities. The 
automotive industry has traditionally paid scant 
attention to noise levels, which may account for 
the lack of research into better sound control 
design, but that attitude is undergoing change due 
to noise pollution pressures and in New Zealand; 
a focus on boy racers. In the conventional original 
manufacturers’ equipment, the main design 
objective of mufflers is to reduce A-weighted 
sound level. However, the effect of noise on the 
human body is not only dependent on its intensity 
but also on the frequency and its composition. 
Exhaust noise may have the same A-weighted 
decibels dB(A) sound level without considering 
that the exhaust sound is composed of different 
frequencies, the loudness is different and the 
feeling of the human body is also different. The 
frequencies and loudness is dependent on the 
engine operating speed and condition and these 
are dynamic.
VEHICLE IN-SERVICE REGULATION
Vehicle Equipment Rule (2007) allows Warrant 
of fitness (WoF) and Certificate of Fitness (CoF) 
inspectors to carry out inspection on light vehicles 
with a gross vehicle mass of 3500kg or less for 
noise test if the vehicle is fitted with modified 
exhaust pipe. Failing the test will require the owner 
of the vehicle to repair or undergo an objective 
noise test to certify that the exhaust noise of the 
vehicle is within limits. According to New Zealand 
Transport Agency (2016), noise from the exhaust 
must not exceed 92 decibels when measured as 
per Low Volume Vehicle Technical Association 
guidelines.
DEFINITION OF SOUND
Sound is a longitudinal wave that is created by a 
vibration of a body or a medium through airborne or 
a vibration of an object. Mass and elasticity of the 
air medium is the main factor that determines the 
characteristic for a wave to travel from one point 
to the other. Based on Munjal (2013) studies, a 
wave characteristic is determined by the pressure 
and particle velocity. These two represent the flow 
velocity of the wind and also the perturbation on 
the static ambient pressure which the perturbation 
is depending on the time, the space and the 
travel distance. The sound that is received by the 
listener is generally a wave propagating in the air. 
A vibration transmission in an elastic medium with 
a certain pattern is also known as sound waves.
HYPOTHESIS
The purpose of mufflers fitted to a vehicle is to 
reduce the exhaust noise that comes out from the 
engine. According to Durie (1999), healthy noise 
levels are critical for improved quality of life, an 
essential attribute for Maori health. Exhaust noise 
is created by the release of turbulent gas from the 
combustion chamber after a complete combustion 
of the fuel is achieved. In multi cylinder engines, 
the number of combustions is dependent on the 
number of cylinders for every two rotation of the 
crankshaft.
There are several types of muffler that works 
differently in ‘muffling’ the exhaust noise. Till 
now, the exhaust muffler design is to reduce the 
A-weighted sound level as the goal. Yet, a lot of 
practices by especially young drivers show that a 
lot of exhaust noises with low A-weighted sound 
level do not provide the satisfaction, whose main 
reasons are sound quality, such as loudness, 
sharpness, roughness of the noise. On the other 
hand, the side effect of conventionally reducing 
exhaust noise always ends up with a reduction in 
the power output of the engine.
AIM
The aim of this paper is to report on the test 
results of the prototypes of mufflers designed by 
the researcher that transforms annoying vehicle 
exhaust noise to sympathetic sound to the human 
ear.
SCOPE OF PROJECT
From the extensive experience in the motor industry, 
it is known that the major sources of noise in an 
internal combustion engine is from mechanical 
movements, intake and exhaust systems and 
combustion related process. This project focusses 
on the noise that is emitted through the exhaust 
system. For a considerable number of years, there 
has been practical and economic challenges to 
effective silencing of vehicles, to the extent that 
little progress has been made since patents were 
adopted in the 1960s. Many technologies can 
3reduce noise, however they often require large 
space, and the weight and fuel consumption are 
often both increased substantially. After-market 
mufflers have so far undermined both vehicle 
performance and fuel efficiency. International 
research in recent years on vehicle silencing 
has focused on applying CAD/CAE technology to 
muffler design. The design results are limited to 
the capability of the computer programs. Without 
prototyping and testing in real operating conditions, 
there is no substantiated results that can be relied 
upon. The muffler design that is proposed in this 
project has not been previously researched and a 
literature survey carried out this year failed to find 
any similar design worldwide. Sound in a muffler 
system is affected by gas flow, heat transfer, 
vibration, material composition, muffler geometry 
and engine performance. Hence due to the 
dynamics of operation and complexity of design, 
this study is mainly based on prototype testing 
as per New Zealand Transport Agency approved 
vehicle noise measurement standards. Zhu et al 
(2014) explains that the sound quality includes 
a series of parameters, not only loudness but 
also the sharp degree, roughness and fluctuation 
strength. However, at this point of development, 
the focus is to reduce loudness only. To incorporate 
the principles of sustainability, the materials used 
for the prototypes maximises renewable materials, 
is low cost, minimises backpressure buildup and is 
easy to fit onto many motor vehicles.
LITERATURE REVIEW
According to World Health Organisation, there 
are no physical difference between sound and 
noise where sound is a sensory perception and 
noise corresponds to undesired sound. Durie 
(1999), advocates that good health is difficult to 
achieve if the environment (Waiora) is polluted and 
unwanted noise (Whakapau) is seen as a pollutant. 
The most widely used measure for sound is the 
A-weighted decibel, dB(A) and the sound level in 
this research uses the stated measurement unit. 
For an automotive exhaust system, noise level and 
back pressure are the most important parameters 
for passenger comfort and engine performance 
respectively (Wagh et al, 2010). Ricardo in 1931 
first found a descriptive relationship between the 
combustion process in the engine cylinder and 
the noise produced. Li et al (2001), describes that 
noise determination parameters included the first 
and second derivatives of engine cylinder pressure 
and the fundamental dominant source is the 
combustion induced noise.
Lee (2003), theorises that the exhaust pipe routing 
and the muffler volumes of mufflers are dictated 
by space constraints, however the internal design 
of the muffler can bring down the excess levels of 
unwanted sound orders, however in this process 
the conventional muffler introduces unwanted 
deficiencies. Hirakawa et al (1997), describe 
quality of sound as a selling point for the motorcycle 
market and to improve the quality, an efficient test 
method needs to be established. Historically sound 
evaluation has been determined by trial and error 
through repeated design variation of the muffler. 
This process was very practical based, similar to 
the process in the development of the prototypes 
tested in this research. Johnson (1995), argues 
that the automotive manufacturing industry are 
focusing on vehicle exhaust sound quality to 
maintain their product competitive advantage and 
the use of single microphone on a pass by test has 
limited use when quantifying nuances.
There are only two material used in the 
manufacture of the prototype muffler, steel and 
glass. Wansbrough (1989), describes glass 
manufacture in New Zealand as a one hundred 
and fifty years manufacturing practice and the raw 
material being sand extracted from north of New 
Zealand. Glass is seen as a sustainable product 
due to its recyclability. Current glass product 
manufacture is from up to eighty percent recycled 
glass, hence a product that can be totally reused. 
Green (1989), describes steel is a local product 
of New Zealand and includes recycled steel. The 
steel ore is mined in Waikato which is rich due to 
the historical volcanic activity. Steel can be reused 
multiple times and doping of other materials can 
be used to change its properties and performance.
CURRENT INDUSTRY PRACTICE
As the exhaust system of a motor vehicle is 
involved in gas flow, heat transfer, vibration, 
acoustics, engine performance and the structures 
of multiple disciplines, the design is so complex 
that early studies are mainly based on tests. All 
4current vehicles have an original manufacturer’s 
equipment (OEM) muffler or silencer equipped in 
them to attenuate the propagating sound waves 
created from the combustion in the engine. There 
are two common categories of muffler, one is the 
dissipative muffler and the other a reactive muffler. 
Both have the ability to effectively suppress the 
noise of the exhaust. The dissipative muffler uses 
sound absorbing material to reduce the energy 
of acoustic motion of the sound wave while the 
reactive muffler reflects the sound waves back to 
the source of the sound. There are several muffler 
designs used in automotive applications including: 
a. Baffle type
b. Resonance type
c. Wave cancellation type
BAFFLE TYPE MUFFLER
A baffle type muffler reduces the exhaust noise 
by increasing the travel path of the exhaust gas. 
The main priority is to prevent a direct flow of the 
exhaust gas that travels from the combustion 
engine towards the tail pipe. The increase in 
travel distance of the exhaust gas from the engine 
combustion chamber will gradually reduce the 
noise when the gas reaches the end of the tail 
pipe. The downside of the baffle type muffler is 
that it creates excessive backpressure and this in 
turn reduces the engine output power.
As demonstrated in Figures 1 and 2, the design 
of the baffle type muffler increases the gas flow 
distance and as the gas comes into contact with 
each obstruction (baffle) the noise echoes back 
and the speed of gas flow reduces, hence the 
increase in back pressure in the exhaust system. 
The end result is the baffle type mufflers reduce 
the exhaust noise but at the expense of engine 
output power to assist in the exhaust gas flow.
PROTOTYPE DESIGN PRINCIPLE
The current practice of obtaining a powerful 
sound and to minimise engine back pressure is by 
fitting drain pipe type exhaust pipes. This method 
brings complications with current exhaust noise 
regulations and is unacceptable due to the poor 
quality and excessive sound level. This prototype 
design is to insert an internal element in the 
drain pipe with minimum diametrical difference 
to synthesise the sound waves resulting in an 
acceptable sound level.
A set of glass marble balls were inserted into 
the exhaust pipe using a size that interlocked to 
each other. The prototype design is based on 
the principle of noise cancelling where the noise 
created from the engine combustion will echo on 
the glass marbles in the exhaust system. Since 
the marbles are spherical, the echo waves will be 
diffused and lose its intensity and also cancel out 
each other on incoming frequency or sound waves 
from the engine combustion chamber.
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Fig 1: Baffle type OEM muffler
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5EXPECTED RESULTS
The performance of the prototype muffler is 
expected to have reduced back pressure to 
maintain engine output power and at the same 
time, reduce the intensity of the noise and improve 
sound quality to be more compatible with the 
human ear.
The acuity of the test design is based on sound 
wave cancelling. Sound fluctuation cancelling 
or the Active Noise Cancelling (ANC) is one of 
the ways to reduce unwanted noise in certain 
application. As stated by (Liu, Chen, Ma, Bellala, 
& Chu, 2008), noise cancellation makes use of 
the notion that destructive interference leads to 
minimised noise. The sound wave or the frequency 
of the unwanted noise can be silenced or muted by 
introducing an inverse sound wave of the noise as 
per the illustration in Figure 3. The principle is as 
the combustion sound enters the muffler chamber, 
the sound comes in contact with the glass marbles 
creating a diffused echo. This echo sound creates 
an opposite wave which in turn cancels the 
incoming sound thus creating a quieter sound 
output.
SOUND DIFFUSION
The principle behind the design concept is that 
as a wave of sound comes into contact with a 
solid spherical object such as a glass sphere, two 
reactions takes place: firstly the sound echo creates 
an opposing wave that cancels the incoming sound 
wave as in Figure 1, and secondly the wave diffuses, 
creating an infinite multiples of sub waves with 
reduced energy. As these diffused waves in turn 
contact another sphere, further diffusion takes 
place and the resultant is effective weakening of 
the sound waves and sound wave cancellation.
Figure 4 shows sound diffusion as the sound wave 
comes into contact with a hard spherical glass 
marble. Due to the convex nature of the glass 
marbles, the wave shatters into weaker sound 
waves and some of them will collide with other 
incoming sound waves and cancel them.
SUSTAINABLE CONSIDERATIONS
Sage (1998), argues that to achieve a sustainable 
project, it has to fulfil the needs of humans, while 
at the same time maintaining socio-economic and 
technological progress and conserve the earth’s 
natural resources. The fundamental of the design 
brief was to use sustainable material which could 
be recycled at the end of life.
PROTOTYPE MUFFLER DESIGN BRIEF
The design brief for the idea was to use sustainable 
material and have a simple yet potentially effective 
noise mitigation design that would not impede 
the free flow of exhaust gas thus having minimum 
back pressure.
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6Fig 5: Concept design
Fig 6: Cross section view of glass marble arrangement
The principle of the design is that as the exhaust 
sound waves within the gas flows through the 
muffler, the centre sound waves will have secondary 
noise cancellation, however those sound waves 
that is in the outer part of the gas flow will come 
in contact with the spherical glass balls, hence 
the sound waves get diffused resulting in sound 
wave cancellation. It is theorised that some of the 
diffused sound waves will also interfere with those 
waves in the centre of the flow hence will have a 
reduced noise effect.
Fig 7: Glass marbles lined steel cylinder
Figure 7 shows how the glass marbles are stacked 
in interlocked arrangement to create a lining on the 
muffler wall leaving a hollow free flow passage in 
the middle. The outer casing is made of steel with 
steel caps on each side. The smaller extension 
provides the diametrical dimension for connecting 
to the vehicle exhaust system.
METHODOLOGY
The methodology for the research is limited to those 
set by the in-service standards determined by the 
New Zealand Transport Agency. The tests in this 
research did not utilise the Semantic Differential 
Method (SD Method) or Finite Element Method 
(FEM) or any Boundary Element Method (BEM) as 
prescribed in scientific test approaches. The tests 
conducted were under low technology research 
approach with resource restrictive conditions. The 
test equipment was those prescribed by the New 
Zealand Transport Agency to be used during regular 
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Figure 7 shows how the glass marbles are stacked in interlocked arrangement to create a lining 
on the muffler wall leaving a hollow free flow passage in the middle. The outer casing is made of 
steel with steel caps on each side. The smaller extension provides the diametrical dimension for 
connecting to the vehicle exhaust system. 
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7vehicle inspection process for the Warrant of 
Fitness certificates. The researcher acknowledges 
that the results in this research has a percentage 
of scientific error.
Prototyping – Two sets of straight pipes and 
mufflers of 450mm and 600mm length with 
marble inserts were built with steel casing. The 
size of the length was comparable with the original 
equipment manufacturers muffler.
Sound measurement – The tests were measured 
under no-load conditions in an open outdoor site 
using recommended standard sound level meter 
mounted on a tripod with the microphone shielded 
by foam. Test were carried out in an area that 
had negligible (less than 10 decibels) external 
noise background, free of sound reflecting and a 
solid concrete that is free of any sound-absorbing 
material.
METHODS
1. Fabricate two sets of muffler shell and sleeves.
2. Test free flow drain pipe type muffler with no 
noise absorption material.
3. Develop muffler with uniform marble size with 
constant clear annulus depth as per drain pipe 
dimension.
4. Use Low volume vehicle test standard to 
measure performance of the prototype 
mufflers.
5. For uniform marble size determine the variation 
in noise level with the depth of the marble filled 
annulus. Undertake this evaluation for at least 
three different test sequence.
6. Review results and develop strategy for further 
research.
NOISE TESTING PROCEDURE
Microphone set up – According to NZ Transport 
Agency, (2016) the standard procedure for noise 
tests with the approved microphone is as follows:
1. Ensure that the microphone is fitted with the 
foam wind shield.
2. Mount the noise meter to the tripod. Place it 
on the ground 500mm from the end of the 
exhaust pipe with the centre of the microphone 
at about the same height as the centre of the 
exhaust outlet, but not lower than 200 mm 
from the ground. Make sure the microphone 
if level regardless of the angle of the exhaust 
outlet.
3. Replicate test position at 45⁰ inboard and 45⁰ 
outboard.
4. Measure the noise output by increasing the 
engine speed from idle to desired RPM, holding 
it for at least one second, then letting the 
engine regain idle speed.
Figure 8 demonstrates the microphone setup 
arrangement at 45⁰ outboard with a clearance 
of 500mm from the end of the tail pipe. Data is 
logged using a laptop.
BUILDING THE PROTOTYPE MUFFLER
Based on sound diffusion theory, the freely 
available consumer grade glass marbles was used 
for the building of the two prototype. The choice of 
glass is based on its high melting point property 
and the hardness of the glass will echo the sound 
wave just like how a glass will be able to reflect a 
light wave. The heat effect on glass is the melting 
point or the softening temperature which is about 
approximately 600OC while the melting point for 
the glass can go up to 1500OC. (“All About Glass,” 
2014). Marbles balls in the exhaust pipe is a 
simple design yet effective towards sound wave 
diffusion. The use of glass, a non-wearing and non-
toxic properties provides an ideal material from 
a sustainability point of view. It also proves that 
such a sustainable material can easily contribute 
towards reducing the health risk of the community.
Fig 8: Test microphone being set up for noise testing 
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8Fig 9: Glass marbles installed in outer casing of muffler
Figure 9 shows the marbles self-interlock created 
by using a metal steel pipe which is constructed to 
hold marbles in place while allowing exhaust gas 
to freely flow through. The opening end of the steel 
pipe was covered up by a round plate with a centre 
hole that will be connect to the exhaust pipe. This 
prototype muffler acted as the resonator or silencer 
to reduce the noise created by the exhaust as well 
as making it a straight flow pipe with minimum 
obstruction which will have reduced backpressure 
in the exhaust system.
PERFORMANCE TESTS
Drain pipe exhaust – A metal pipe of the same 
length and material as the modified muffler was 
fitted to the exhaust system of the test vehicle. 
A minimum of three tests were done for each 
position, as specified by New Zealand Transport 
Agency, and data logged. The exhaust tailpipe for 
the test vehicle is on the right side with position 1 
is 45⁰ inboard, position 2 is straight opposing the 
exhaust gas flow and position 3 is 45⁰ outboard.
Fig 10: Data logging of sound
PROTOTYPE TESTING
The sound test emitted from the vehicle exhaust 
was set up with a vehicle, the sound decibel test 
meter. The venue for the test was in accordance 
with the requirements as set under the low volume 
vehicle certification test procedure.
The sequence of testing each of the prototype 
muffler was done over three set engine speeds as 
well as the three prescribed positions. Each test 
was recorded for 30 seconds per engine speed. 
The engine was brought to idle for at least 5 
seconds after a specified test and between every 
speed test. All sequence tests were repeated for a 
number of times to determine validity.
Data logging was done with a laptop connected to 
the sound meter.
DATA COLLATION
The engine simulated test speed was determined by 
the New Zealand drive cycle, 750 rpm for vehicles 
being stationary at traffic lights or intersections, 
1500 rpm for vehicles travelling on inner city roads 
and 2500 rpm for vehicles travelling on motorways 
and highways.
To create a visual representation for analytical 
purposes, the data recorded from the sound level 
meter was recorded into a graph form for each 
test and averages calculated. Once the equipment 
was set up as in Figure 10, the engine was started 
and the revolutions raised to the test drive cycle. 
Reference measurements were logged at 750 
rpm, 1500 rpm and 2500 rpm. The engine was 
then freely accelerated to achieve the maximum 
peak noise range and a screen snapshot taken for 
maximum noise identification. The tabulated data 
and graphs below represent the test results for 
original manufacturers’ equipment, 600mm drain 
pipe exhaust and 600mm prototype.
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Fig 9: Glass marbles installed in outer casing of muffler 
 
Figure 9 shows the marbles self-interlock created by using a metal steel pipe which is 
constructed to hold marbles in place while allowing exhaust gas to freely flow through. The 
opening end of the steel pipe was covered up by a round plate with a centre hole that will be 
connect to the exhaust pipe. This prototype muffler acted as the resonator or silencer to reduce 
the noise created by the exhaust as well as making it a straight flow pipe with minimum 
obstruction which will have reduced backpressure in the exhaust system.  
 
Performance tests 
Drain pipe exhaust – A metal pipe of the same length and material as the modified muffler was 
fitted to the exhaust system of the test vehicle. A minimum of three tests were done for each 
position as specified by New Zealand Transport Agency and data logged. The exhaust tailpipe for 
the test vehicle is on the right side with position 1 as 45⁰ inboard, position 2 is straight opposing 
the exhaust gas flow and position 3 as 45⁰ outboard. 
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Prototype testing 
The sound test emitted from the vehicle exhaust was set up with a vehicle, the sound decibel 
test meter. The venue for the test was in accordance with the requirements as set under the low 
volume vehicle certification test procedure.   
The sequence of testing each of the prototype muffler was done over three set engine speeds as 
well as the three prescribed positions. Each test was recorded for 30 seconds per engine speed. 
The engine was brought to idle for at least 5 seconds after a specified test and between every 
speed test. All sequence tests were repeated for a number of times to determine validity. 
Data logging was done with a laptop connected to the sound meter. 
 
 
 
Fig 10: Data logging of sound 
 
Data collation 
The engine simulated test speed was determined by the New Zealand drive cycle, 750 rpm for 
vehicles being stationary at traffic lights or intersections, 1500 rpm for vehicles travelling on 
inner city roads and 2500 rpm for vehicles travelling on motorways and highways. 
To create a visual representation for analytical purposes, the data recorded from the sound level 
meter was recorded into a graph form for each test and averages calculated.  Once the 
equipment was set up as in figure 10, the engine was started and the revolutions raised to the 
test drive cycle.  Reference measurements were logged at 750 rpm, 1500 rpm and 2500 rpm. 
The engine was then freely accelerated to achieve the maximum peak noise range and a screen 
snapshot taken for maximum noise identification. The tabulated data and graphs below 
represent the test results for original manufacturers’ equipment, 600mm drain pipe exhaust and 
600mm prototype. 
 
Exhaust gas pulsation 
As each cylinder of an engine goes through the four cycles: induction, compression, power and 
exhaust, it must be noted that the power stroke is approximately 135⁰ out of the 720⁰ of the 
9EXHAUST GAS PULSATION
As each cylinder of an engine goes through the 
four cycles: induction, compression, power and 
exhaust, it must be noted that the power stroke 
is approximately 135⁰ out of the 720⁰ of the four 
cycles. In a four-cylinder engine, between each 
exhaust, there is a 45⁰ of crankshaft movement 
gap. This causes the exhaust gas pulsation as 
the gas pressure increases and decreases. At 
low speed pulsation is more evident, and as the 
speed is increased these pulsations smooth out. 
In engines with higher number of cylinders, the 
pulsation gaps get smaller and eventually the 
exhaust strokes start to overlap each other. At 
idle speed of 750 revolutions per minute, there is 
a dead time of 5 × 10-3 second after 75× 10-3 
second of power stroke. This time gets reduced as 
the engine speed increases to a point of negligible 
dead time.
All data for sound is in A weighted (dB) decibels. 
Engine is under no-load condition.
Original equipment manufacturers’ muffler
750 RPM Test 1 Test 2 Test 3 Average
Position 1 69.5 68.4 69.2 69
Position 2 73.1 74.6 74.8 74.1
Position 3 70.4 70.6 70.6 70.5
1500 RPM Test 1 Test 2 Test 3 Average
Position 1 73.6 68.9 68.1 70.2
Position 2 69.6 68.6 70.5 69.5
Position 3 71.7 70.8 69.9 70.8
2500 RPM Test 1 Test 2 Test 3 Average
Position 1 79.8 76.8 78.6 78.4
Position 2 74.6 76.5 75.5 75.5
Position 3 80.2 79.3 79.7 79.7
The three sets of data are for noise measurement 
at different engine revolutions. This was a no- load 
test. The sound level was higher at idle speed 
then at 1500 rpm due to high engine exhaust gas 
pulsation. It is normal for exhaust gas pulsation to 
be higher at lower speeds.
At 1500 rpm the sound level tends to drop as 
pulsations smooth out and the wave length is ideal 
for cancellation.
At 2500 rpm the sound increases and is highest at 
position 3 which is taken at 45 degrees outboard. 
This means that when the vehicle is on the road 
the noise is higher towards the centre of the road.
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four cycles. In a four-cylinder engine, between each exhaust, there is a 45⁰ of crankshaft 
movement gap. This causes the exhaust gas pulsation as the gas pressure increases and 
decreases. At low speed pulsation is more evident, and as the speed is increased these 
pulsations smooth out. In engines with higher number of cylinders, the pulsation gaps get 
smaller a d eventually the exhaust str kes start to overlap each other. At idle speed of 750 
revolutions per minute, there is a dead time of 5 × 10-3 second after 75× 10-3 second of power 
stroke. This time gets reduced as the engine speed increases to a point of negligible dead time. 
 
All data for sound is in A weighted (dB) decibels. Engine is under no-load condition. 
Original equipment manufacturers' muffler 
 
750 RPM Test 1 Test 2 Test 3 Average 
Position 1 69.5 68.4 69.2 69 
Position 2 73.1 74.  74.8 74.1 
Position 3 70.4 70.6 70.6 70.5 
 
 
 
1500 RPM Test 1 Test 2 Test 3 Average 
Position 1 73.6 68.9 68.1 70.2 
Position 2 69.6 68.6 70.5 69.5 
Position 3 71.7 70.8 69.9 70.8 
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2500 RPM Test 1 Tes  Test 3 Average 
Position 1 79.8 76.8 78.6 78.4 
Position 2 74.6 76.5 75.5 75.5 
Position 3 80.2 79.3 79.7 79.7 
 
 
 
The three sets of data are for noise measurement at different engine revolutions. This was a no-
load test. The sound level was higher at idle speed then at 1500 rpm due to high engine exhaust 
gas pulsation. It is normal for exhaust gas pulsation to be higher at lower speeds. 
At 1500 rpm the sound level tends to drop as pulsations smooth out and the wave length is ideal 
for cancellation. 
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2500 RPM Test 1 Test 2 Test 3 Average 
Position 1 79.8 76.8 78.6 78.4 
Position 2 74.6 76.5 5.5 75.5 
Position 3 80.2 79.3 79.7 79.7 
 
 
 
The three sets of data are for noise measurement at different engine revolutions. This was a no-
load test. The sound level was higher at idle speed then at 1500 rpm due to high engine exhaust 
gas pulsation. It is normal for exhaust gas pulsation to be higher at lower speeds. 
At 1500 rpm the sound level tends to drop as pulsations smooth out and the wave length is ideal 
for cancellation. 
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Data log of original manufacturer’s exhaust pipe 
sound in object noise test
Data sheet 1
This log sheet shows the performance of original 
equipment manufacturers muffler with the noise 
level as the engine was accelerated. The noise was 
arrested with a maximum of 95 decibels at the 
upper end of the engine speed. This test was only 
for noise mitigation and back pressure and engine 
power output was not logged simultaneously. Back 
pressure and engine output power were tested in 
other test processes.
600mm drain pipe muffler
750 RPM Test 1 Test 2 Test 3 Average
Position 1 82.5 85.5 84.4 84.1
Position 2 77.8 81.8 82.3 80.6
Position 3 80.3 82.7 83.4 82.1
1500 RPM Test 1 Test 2 Test 3 Average
Position 1 92.7 93.8 94.8 93.7
Position 2 95.0 95.5 95.3 95.2
Position 3 94.2 94.3 94.8 94.4
2500 RPM Test 1 Test 2 Test 3 Average
Position 1 95.6 95.6 98.2 96.4
Position 2 96.8 97.8 97.7 97.4
Position 3 97.2 97.9 97.7 97.6
This test was to create the benchmark for modified 
exhaust systems, commonly known as the drain 
pipe. The noise level is higher at all measuring 
points to a maximum of 95.5 decibels where it 
exceeds safe noise levels.
A method of sound wave diffusion in motor vehicle exhaust system 
 
15 
 
At 2500 rpm the sound increases and is highest at position 3 which is taken at 45 degrees 
outboard. This means that when the vehicle is on the road the noise is higher towards the 
centre of the road. 
 
 
Data log of original manufacturer’s exhaust pipe sound in object noise test. 
 
 
Data sheet 1 
 
This log sheet shows the performance of original equipment manufacturers muffler with the 
noise level as the engine was accelerated. The noise was arrested with a maximum of 95 
decibels at the upper end of the engine speed. This test was only for noise mitigation and back 
pressure and engine power output was not logged simultaneously. Back pressure and engine 
output power were tested in other test processes. 
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600mm Drain pipe muffler 
 
750 RPM Test 1 Test 2 Test 3 Average 
Position 1 82.5 85.5 84.4 84.1 
Position 2 77.8 81.8 82.3 80.6 
Position 3 80.3 82.7 83.4 82.1 
 
 
 
1500 RPM Test 1 Test 2 Test 3 Average 
Position 1 92.7 93.8 94.8 93.7 
Position 2 95 95.5 95.3 95.2 
Position 3 94.2 94.3 94.8 94.4 
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600mm Drain pipe muffler 
 
750 RPM Test 1 Test 2 Test 3 Average 
Position 1 82.5 85.5 84.4 84.1 
Position 2 77.8 81.8 82.3 80.6 
Position 3 80.3 82.7 83.4 82.1 
 
 
 
1500 RPM Test 1 Test 2 Test 3 Average 
Position 1 92.7 93.8 94.8 93.7 
Position 2 95 95.5 95.3 95.2 
Position 3 94.2 94.3 94.8 94.4 
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2500 RPM Test 1 Test 2 Test 3 Average 
Position 1 95.6 95.6 98.2 96.4 
Position 2 96.8 97.8 97.7 97.4 
Position 3 97.2 97.9 97.7 97.6 
 
 
 
 
This test was to create the benchmark for modified exhaust system, commonly called as the 
drain pipe. The noise level is higher at all easuring points t  a maximum of 95.5 decibels where 
it exceeds safe noise levels.  
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Data log of after-market exhaust pipe sound in 
object noise test
Data sheet 2
This graph shows that the aftermarket exhaust 
does increase the noise level at high engine speed 
range and will cause damage to the people around 
them if constantly exposed towards the noise. 
Despite the health risk, many vehicle owners still 
ignore the fact and try to increase the power in 
their vehicle.
600mm Prototype muffler
750 RPM Test 1 Test 2 Test 3 Average
Position 1 81.1 81.4 85.3 82.6
Position 2 83.3 84.8 83.4 83.8
Position 3 82.7 85.5 85.8 84.6
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Data log of after-market exhaust pipe sound in object noise test. 
 
 
Data sheet 2 
 
This graph shows that the aftermarket exhaust does increase the noise level at high engine 
speed range and will cause damage to the people around them if constantly exposed towards 
the noise. Despite the health risk, many vehicle owners still ignore the fact and try to increase 
the power in their vehicle.  
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600mm Prototype muffler 
 
750 RPM Test 1 Test 2 Test 3 Average 
Position 1 81.1 81 4 85.3 82.6 
Position 2 83.3 84.8 83.4 83.8 
Position 3 82.7 85.5 85.8 84.6 
 
 
 
1500 RPM Test 1 Test 2 Test 3 Average 
Position 1 89.8 90.8 95.4 92 
Position 2 90.3 91.9 91.5 91.2 
Position 3 91.6 92.4 90.9 91.6 
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600mm Prototype muffler 
 
750 RPM Test 1 Test 2 Test 3 Average 
Position 1 81.1 81.4 85.3 82.6 
Position 2 83.3 84.8 83.4 83.8 
Position 3 82.7 85.5 85.8 84.6 
 
 
 
1500 RPM Test 1 Test 2 Test 3 Average 
Position 1 89.8 90.8 95.4 92 
Position 2 90.3 91.9 91.5 91.2 
Position 3 91.6 92.4 90.9 91.6 
 
 
 
1500 RPM Test 1 Test 2 Test 3 Average
Position 1 89.8 90.8 95.4 92
Position 2 90.3 91.9 1.5 91.2
Position 3 91.6 92.4 90.9 91.6
2500 RPM Test 1 Test 2 T st 3 Average
Position 1 94.8 95.8 96.8 95.8
Position 2 96.9 98.2 98.5 97.8
Position 3 96 98.9 98.6 97.8
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2500 RPM Test 1 Test 2 Test 3 Average 
Position 1 94.8 95.8 96.8 95.8 
Position 2 96.9 98.2 98.5 97.8 
Position 3 96 98.9 98.6 97.8 
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Data log of prototype exhaust muffler
Data sheet 3
DATA ANALYSIS
On analysis of the data, it was found that in all 
three test procedures, there was a reduction in 
noise using the prototype mufflers. The 600mm 
test muffler was found to be more efficient than the 
drain pipe version. Secondly, with different length 
of pipe, it will also have an effect on the frequency 
of the sound in relation to the engine speed. 
Between the 600mm plain pipe and the prototype 
muffler, there is average decrease of 8 to 10 
decibels in sound level from 750rpm to 1500rpm. 
The original muffler will have the exception on this 
as it is a baffle type muffler where the sound level 
drops when the engine is at 1500rpm.
Fig 11: Prototype of muffler alongside an OEM muffler
CONCLUSION
A literature review was carried out to establish 
results of previous research and the search came 
to the conclusion that to date there is no design 
comparable to the prototype that has been tested 
in this research. In conclusion, simple designs can 
have a significant outcome if used innovatively 
and in this project, the common glass marbles, a 
sustainable material, normally used by children to 
play are used as a sound wave cancellation tool. 
This project did not consider other variations 
such as impact on engine output, thermal fatigue 
of materials, component weight advantages/
disadvantages and mechanical vibrations. The 
glass marbles are encased and it has the ability 
to withstand high temperatures without losing its 
properties. There is no expected wear of the glass, 
hence it is assumed that it will last the lifetime of the 
vehicle and at the end of its use be recycled easily. 
The test results prove that there is a significant 
drop in noise when using the prototype muffler in 
comparison with a simple drain pipe method. It 
also proved that the longer the muffler, the more 
efficient it becomes in noise cancellation. 
It is also believed that with negligible exhaust 
backpressure, the engine power output is improved 
and the performance of the vehicle enhanced. 
As an after effect, this will lead to improved 
fuel economy, a common target for all vehicle 
manufacturers. The quality of life is compromised 
when there is an environmental pollution and noise 
from vehicles is a contributor to the deterioration 
of urban life quality.
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Data sheet 3 
 
Data analysis 
On analysis of the data, it was found that in all three test procedures, there was a reduction in 
noise using the prototype mufflers. The 600mm test muffler was found to be more efficient than 
the drain pipe version. Secondly, with different length of pipe, it will also have an effect on the 
frequency of the sound in relation to the engine speed. Between the 600mm plain pipe and the 
prototype muffler, there is average decrease of 8 to 10 decibels in sound level from 750rpm to 
1500rpm. The original muffler will have the exception on this as it is a baffle type muffler where 
the sound level drops when the engine is at 1500rpm.  
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Fig 11: Prototype of muffler alongside and OEM muffler 
 
Conclusion 
A literature review was carried out to establish results of previous research and the search came 
to the conclusion that to date there is no design comparable to the prototype that has been 
tested in this research. In conclusion, simple designs can have a significant outcome if used 
innovatively and in this project, the common glass marbles, a sustainable material, normally 
used by children to play are used as a sound wave cancellation tool. This project did not 
consider other variations as impact on engine output, thermal fatigue of materials, component 
weight advantages / disadvantages and mechanical vibrations. The glass marbles are encased 
and it has the ability to withstand high temperatures without losing its properties. There is no 
expected wear of the glass, hence it is assumed that it will last the lifetime of the vehicle and at 
the end of its use be recycled easily. The test results prove that there is a significant drop in 
noise when using the prototype muffler in comparison with a simple drain pipe method. It also 
proved that the longer the muffler, the more efficient it becomes in noise cancellation. It is also 
believed that with negligible exhaust backpressure, the engine power output is improved and 
the performance of the vehicle enhanced. As an after effect, this will lead to improved fuel 
economy, a common target for all vehicle manufacturers. The quality of life is compromised 
when there is an environmental pollution and noise from vehicles is a contributor to the 
deterioration of urban life quality.  
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